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VIEWS FROM THE SPACECRAFT DURING APOLLO 10 (MISSION F)
MAY 18, 1969 LAUNCH DATE

By Alfred N. Lunde
SUMMARY

The purpose of this document is to visually depict various aspects
of the Apollo 10 (Mission F) lunar flight. Views of the earth and the
moon as seen from the spacecraft are shown during the translunar and
transearth coast phases as well as the view from the spacecraft during
critical maneuvers. The data should prove invaluable in assuring the
crew that maneuver attitudes are correct. All data presented in this
report are for the first opportunity, 72° launch azimuth, May 18, 1969
launch date.

INTRODUCTION

The geometry of a lunar mission can be very difficult to visualize.
The primary objective of this report is to provide views from the space-
craft during Apollo 10 (Mission F) because a knowledge of how the space-
craft should be oriented with respect to familiar objects visible from
the spacecraft window would be invaluable for performance of the various
maneuvers.

A detailed visual representation of Apollo 10 (Mission F) for the
May 17, 1969 launch date is presented in reference 1. Because of
the 1l-day slip in the launch date, most of the data in reference 1 are
no longer applicable to the Apollo 10 flight. A discussion of the

trajectory geometry and the general information are presented in
reference 1.

In the figures for the lunar orbit phase section, the location of
the planets Venus, Mars, Jupiter, and Saturn has been shown.
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DISCUSSION OF THE DATA

The geometry associated with the Apollo 10 lunar mission is
presented in figures 1 through 5. A detailed description of figures 1
through 4 can be found in reference 1. The nominal F mission rendezvous
is presented in figure 5.

Translunar Injection Burn

The beginning, middle, and end of the TLI burn are shown in
figure 6. The maneuver is executed in a heads down position. The
horizon is in darkness until toward the end of the burn. The TLI burn
places the spacecraft on its lunar trajectory so that at the end of
the burn the velocity is 35 591 fps.

Earth and Moon Views During TLC

The earth is shown in figure 7 with a constant field of view.
Because the earth gets quite small as the spacecraft progresses on its
lunar trajectory, the earth with & variable field of view is presented
in figure 8. The purpose of the enlarged views of the earth is to show
details such as continents and terminator. Because these views are almost
identical to the views shown on pages 60 through TT in reference 1,
only a few TLC variable field views are shown in this report. The
reader who desires to find out what portion of the earth is visible to
the crew every hour during TLC should consult the above mentioned
pages in reference 1.

Views of the moon are presented in figures 9 and 10. Because of
the earth-moon-sun geometry at this particular time, the moon will be
almost totally dark as viewed from the spacecraft on the approach
trajectory.

Lunar Orbit Insertion Maneuver

The beginning, middle, and end of the LOI burn are depicted in
figure 11. There is a rather large yaw attitude component during this.
burn designed to place the spacecraft in an orbit similar to that of the
lunar landing mission. The crew are in a heads down position during
this burn, and the burn is performed in a retrograde attitude to brake
the trajectory speed so that a lunar orbit may be achieved.



Lunar Orbit Phase

Various IM events after separation from the CSM and prior to
docking again with the CSM are shown in figure 12. The view from the
commander's front LM window and from the docking window are shown
with the correct burn attitude for DOI burn, phasing burn, IM descent
stage jettison burn, insertion burn, ¢sI burn, CDH burn, and the TPI
burn. The reader should consult figure 5 for a better understanding
of those views.

Transearth Injection Maneuver

As with TLI and LOI, the beginning, middle, and end of the TET
burn are shown in the correct burn attitude. This maneuver is a
posigrade burn designed to free the spacecraft from the lunar
gravitational attraction. The spacecraft attains a velocity of
8958 fps at the end of the burn to return the spacecraft to earth in
approximately 54.5 hours.

Post-TEI Views

The four post-TEI views depict the view from the spacecraft as
the earth comes into view over the lunar horizon. The Southeast Asia
portion of the earth is visible at this time.

Transearth Coast

As with the translunar coast, the views of the earth and the moon
are shown at various times during the coast period (figs. 15, 16, 1T,
and 18). During this coast period, approximately half of the earth and
moon are in sunlight as seen from the spacecraft. The spacecraft
leaves the lunar gravitational sphere of influence at approximately
148 hours g.e.t., at which time the velocity will gradually increase
until it reaches 36 309 fps at entry. :

Entry

The entry phase is shown in figure 19. The SM is jettisoned
approximately 15 minutes prior to entry interface, and the CM is in a
heatshield forward attitude. The angle between the spacecraft X~-axis
and the earth horizon is held at +31.7°, which can be monitored on the
31.7° scribe on the window. The moon is visible during part of the
entry phase. The entry REFSMMAT's were obtained from reference 2.




(Most of the vectors needed to generate the data shown in this report
were obtained from reference 3.)

CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sun,
earth, moon, and stars is particularly useful to verify maneuver attitudes
normally described by IMU gimbal angles. This information is especially
useful for Apollo 10 (Mission F) because IMU gimbal angles are referenced
to several specific inertial orientations (REFSMMAT) instead of to
preferred platform alinements.

This report has presented numerous figures which depict the view
from the Apollo 10 (Mission F) windows: star field, earth and moon
terminators, and horizon orientations are included. This information
should prove invalusble in assuring the crew that maneuver attitudes are
correct,
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Figure 1.- Illustration of |unar orbit plane in year 1969 - inclination
angle (i) = 28°, right ascension of ascending equatorial node () =5°,
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Equatorial plane 3

. : Gt Lunar and solar
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Figure 2,~ Sun and moon location at major phases during Apollo 10 (Mission F),
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& | NOTE: For all maneuvers crew in heads-down
——LOl position relative to the earth or moon

- — —TEI

End

Begin

Figure 3.- A schematic of the maneuver attitudes and lighting conditions for the
nominal Apolio 10 (Mission F).
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Figure 5.~ F mission nominal rendezvous.
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(a) Begin TLI (g.e.t. = 2:33:17.7).

Figure 6.- Translunar injection burn.

20

10

-10

pu ‘A




SEQ 4 &
X i1 22
Yy =10 c

=14

SEQ 108 1044 4gae
X =9 15 7
Y 1 =16 <20

RE=3552 n. mi.
V.=29 517 fps

33

15 22 25 31 & 47
=23 20 =43 21 1C 19
=24 1 =19 b -l 5

Field of view = 100°

63 73 78
1 10 2
-2 ’ 0

ho =127 stat. mi.

E

85

*10

'vi = 20 125 mph

od

20

10 |

20

110

Menkar
s N .
oot x 0
>_ 3 . *
' Alpheratz
-10 Vi -10
3
) /Diphda
-20 : -20
S D NS U Lo ..
-20 -10 0 10 20

(b) Middle of TLI (g.e.t. = 2:36:08.0),

Figure 6.- Continued.
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() End of TLI (g.e.t. = 2:38:59.5).

Figure 6.~ Concluded.
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Figure 7.- Translunar coast - constant field of view {earth),
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Figure 7.- Continued,
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Figure 7.- Continued,
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Figure 7.~ Continued,
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‘ Figure 7.- Concluded.
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Figure 8 .- Translunar coast - variable field of view (earth).
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Figure 9 .- Translunar coast-constant field of view (moon),
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Figure 9.- Concluded.
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(a) Begin LOI (g.e.t. = 75:45:43.2).

Figure 11 .- Lunar orbit insertion burn,
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(b) Middle of LOI (g.e.t. = 75:48:43 .2),

Figure 11.~ Continued.
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Figure 11 .- Concluded.
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Figure 12.- Lunar orbit phase.

(a) Begin DOI burn - front window (g.e.t, = 99:33:51).
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\-Peacock l.\lun!q_\ ]
[ SRR ]
'_ | f 4 10
[ - ¢ e * i 4
[ - . Rasalhagﬁe e ]
L Mars |
i \Atria ‘. \ ]
- Antarés-/° x d o
1 1
- Y * . ]
S q\—RMH ]
: . * A ‘
[ _~Beta Crucis . A Iphecca\ )
[ ) Menkent B -10
: ~ ) ]
[ Arcturus\ ]
- . Spica . 4-20
[ N . ]
PR B | SN 1. PO B BN ]
-20 -10 0 10 20
X, nd

(b) Begin DOI burn - docking window (g.e.t, = 99:33.:51),

Figure 12 .- Continued.
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,1 1301 34z 24q 3%, 342 29¢ 337 381 427 440 433 430 S
X cr R Y S _‘? 14 =2¢ =12 =24 =23 7 7: 32 g;
1 4 =21 24 *13 =4$ °1§ =19 -19 =13 -8 n 1 9

SEQ bn9 515 535 54n 551 Se6 570 577 5AR 4gp 592 553 595 604 1081
X 24 3 0 2n =16 =-2n =9 21 11 -2 &1 =1t <21 18 =&

Y% % 11 13 11 17§68 49 20 e&n 20 1A 23 g1c
RM=996 n. mi. hM=67 stat, mi, )
Vi zS278ls  Fieldof view=100° Ml ddila
1 /-Spica A|kaid_/
20 .__ L) . . L o 20
fGienah /Jupiter/—Denebola
10 | ' 10
.<
- L ~
:~. 0 0 g_
) !
-10 ‘ - -10
_/_Pollux
Castor—/ i
-20 '.— . * - -20 "
| A BN R R Lo N
-20 -10 0 10 20
X, nd

{c) End DOI burn - Front window (g.e.t, = 99:34:26),

Figure 12 ,- Continued,




L]

SEQ £4%
X el
y "i°

SEQ ¢45
X =45
Y -6
SEQ 753
X Ci
Y 1
SEQ ARag
X -2
y 17

Bty 566 569 574
=24 -9 =21 -24
=11 =24 =14 -3¢

673

451 685 66p
21 c =12

-15 =-11 =& -8

757 756 775 78y
=2y ¢ 3 =16

4 2 5
871 1n8n
-4 -
73

Rpm= 996 n. mi,
Vi = 5278 fps

67
589 593 &%t 899
°13 D =& =20
=96 =21 =18 =9

688 69g a5 7i7
10 22 12 =>
-2 -9 [ d.) -

789 795 794 795

=7 %13 =7 47
» 7 a 6

Field of view = 100°

Vi = 3599 mph

610 617 621 624 641 643

16 =22 =11 17 ~q2 ~21
=21 =% =12 =18 -§ =3
749 724 736 743 745 75y
-3 n =2 =2 21 =3
-y -2 ¢ 1 =2 z
797 82 Ap3 836 B4y bag
"1 -8 413 =3 -4 =y

8 9 A 43 13 14

hM = 67 stat, mi.

20 |~ 4 20
i Nunki
[ e
[ [/ \

10 -1 10
[ - )
: /.Atria _ . Rasalhagué—/
{ . fMars

'g . ¢ - -
~ OF Antares |7 = 10 2
[ Rigil . 4 ° . 1
:. /_ e ]
- ] * Alph ‘
Beta Crucis . 4 phecca
n .
: e —\
[ Aréturus
-20 |- S. ' \ ;-20
3 p‘ca-\ 4
[ Lo o, e b e | I .
=20 -10 0 10 20
X, nd

(d) End DOl burn - docking window (g.e.t. = 99:34:26),

Figure 12 .- Continued.
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RM: 954 n. mi. hM: 17 stat. mi.
Vi = 5516 fps Vi = 3761 mph

Field of view = 100°

X, nd

(e) Begin phasing burn ~ front window (g.e.t. = 100:64:21).

Figure 12.- Continued.
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SEQ 545 561 569 574 559 595 599 417 621 62% 6yl %3 45
K =22 =23 =20 =24 w12 =6 «]9 =22 =)0 15 |2 2| a5
Y -7 3 e -2 b £y ] 0 2 -} -9 [} [ ) 3

SEQ 655 460 473 480 690 700 717 719 724 734 NI 78 7S]
X 0 =12 4 10 22 12 =2 = 0 =2 2 21 =)
Y 0 3 1 7 0 3 (] s 8 10 i 6 12

SEQ 7587 75 770 78; 789 790 793 7e5 797 sg02 803 836 84y
X =24 o6 3 %17 "7 =14 @7 |8 -lD 8 |4 =4 op
Y 12 14 1 16 i 17 18 | e 19 ie 24 29

SEQ 1080
X .l
\% 13

Ry = 954 n. mi. :‘/M =3177bitat~hm'-
= . . ,= m
V,;= 5516 fps Field of view = 100° i P
1 }
20 I . 7]
[ LS 8 . .
{ . * Rasalhague\ ]
: e | 1
[ . R & Mars ]
:\—Atna Ante \ ’
{ ntar§'s~< . . ]
10 u -
. \Rigﬂ . . ]
p ‘ P - -
- x Alphecca .
0 L . Menkent\ ® - \ 1
..\ Beta Crucisb ]
{ . . . )
F . Arcturus\ )
-10 )

-20

-10 0

-20

(f) Begin phasing burn - docking window (g.e.t.

Figure 12 .- Continued,

=100:46:21).

1))
20
-6

783

5

1
84y
-
28

20

10
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RM=955 n, mi, h,, =19 stat, mi,

Vi = 5680 fps

M

Field of view = 100° V.= 3873 mph

-10 -0 10 20
X, nd

(¢) End phasing burn - front window (g.e.t. = 100:47:03).

Figure 12 .- Continued.
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SEQ 54> 563 569 574 589 s9x w99 .7 & 6 s
X -53 -E =20 -~24 =12 -6 =39 oéi -E% %g ':é f;i :;2
Y 3 =6 =2 =6 a8 n 2 ~1 -9 L 5 3

S§Q 6;6- 653 e% 572 eng e; Tag 747 779 24 738 745 745
| - -q 1 -2 .1 d - -
Y -6 ! 3 1 7 0 3 8 8 8 : o

SEQ 751 753 757 755 77; 781, 788 79q 793 798 797 852 8n3
X =3 5 =24 =6 3 =17 =7 =14 =7 18 =45 =R 44
y 1e 11 12 14 46 16 18 17 18 16 48 49 8
SEQ R36 841 R44 483
X =4 -6 -4 -1
Y 24 24 25 13

RM=955 n, mi, hM=19 stat, mi,
V.=5680f . =
e e Fieldofview=100° YT 2873 meh

20 | o | 4 20
: .. 2 N ° 1
: . . . Rasalhague—\ ]
:/Atria e /;Mars . :

10 [ Antaresqé * | - 10

Rigil . | . .
.//"

0 _//_Bt;:«ta Crucis /.Menkent

YTy

P

Alphecca\ - 0

(h) End phasing burn - docking window (g.e.t. = 100:47:03),

Figure 12 .- Continued,

pu ‘A



Y, nd

72

SEC  J4e 2342
X Al 19
Y =i8 19

RM =964 n. mi.
Vi = 5631 fps

hM = 29 stat. mi.
'vi = 3839 mph

20 |

LZRES Sun man mas Sem mas s s aae L e s S e s mee Shs Ay AEEM SEme S o Sune S S SN SEE SR M AR S S Sune Sa S e See S aun s

20

(i) Descent stage jettison (end burn)- front window (g.e.t.= 102:33:28).

Figure 12.- Continued.
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10 |

Y, nd

_10 3

73

SEg 836 84] 844 86l 87! 9C4 907 909
X «) -6 -l -2 =y Y] 1% oY)

Y é [ 7 1e 10 A7 18 16

RM= 964 n. mi.

V; = 5631 fps Field of view= 100°

933 10601
=19 el9
13 23

hM = 29 stat. mi.
Vi = 3839 mph

20}

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

/- Peacock

PSP U U PSP Y W S S ST VO S S S S T Y U G S VY W W Y YA S S S S S WU VT S S VI TN ST SO ST VI W S W ¥

LARE Suts s mae e sas §

./-Altair

kbl

A adchd

(i) Descent stage jettison (end burn)- docking window (g.e.t. =102:33:28).

Figure 12.~ Continued.
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R-M=946 n, mi, hM=9stat.mi.
Vi = 5723 fps Field of view = 100° Vi = 3902 mph

vvvvvvvvvvvvvvv EAAMEL AN S A A AN S SIS S it s Saes s mas mun s s aan o o

20 | ‘

(k) Begin insertion burn ~ front window (g.e.t. = 102:43:18).
Figure 12 ,~- Continued.

20




75

SEQ 4 27 1 “y 47 &3 73 75 EC LB 111 112
X -y b =23 -z 4 -1 -23 -y -l 4 -g 8 [ -0 =11
Y 22 le 8 1¢ 7 15 9 13 16 Io 5 4
SEQ 120 144 lsu  }5i w6 jus &ls 221 1679 1082
X =15 -2 -5 -4 Z -5 13 19 0 i
‘ y ! 2 ! boo=¢ s =s S22 s
RM=946 n, mi. -hM=9stat.mi,
' Vi=3723fs  Field of view = 100° Vi = 3902 mph
1 . ]
. [ Alpheratz—/ v yd ;
20 :_ enus - 20
[ . \_Saturn
[ //’ ‘\\
10 | . 0
L \—Menkar 1
o | i &
o] b . .
<= 0} Mirfak—/ . x 40
>
Aldebaran—/ .
L] " <
. _——*_—_——_—‘N~““*Rweh-//’ ]
-10 - \/ -10
-20 | 1-20
[ 1. N N L o N
-20 -10 0 10 20

(1) Begin insertion burn - docking window (g.e.t. = 102:43:18).

Figure 12 .- Continued,

pu ‘A



20

Y, nd

-10

76

R,, = 946 n, mi.

M hM: 9 stat, mi.

Vi = 5536 fps

Field of view = 100° V.= 3775 mph

10 [

T Y Y T T T T D S asn Sun Sinn Jne SAS Sasn S S S g

P

™

[ ' '
3 o
L 3 wlhay
L .

b 4
i s le ..... Lt L d
~-20 -10 0] 10 20
X, nd

{m) End insertion burn - front window (g.e.t. = 102:43:33).

Figure 12.- Continued.
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SEQ 4 1
X  wj4 -z3 -z4
% 23 1c é

SEQ j2¢c 144 =g
X a8 =2 -5
Y 1 P 1

Ry = 946 n. mi.
Vi = 5536 fps

vvvvvv

Field of view = 100°

7T
41 47 63 73 75 8c 108 111 12
13 =23 =4 =34 -5 8 & =10 =)
16 7 1% 9 13 16 lc 5 l«
s1 186 218 221 1p7% 1082
-9 2 13 18 r 1
c -2 -8 -5 22 18

hM = 9 stat. mi.
Vi = 3775 mph

20 |

10 - .

Y, nd

Venus—~

/-Saturn

Cg/-Sun

./-Aidebaran

A

/Menkar

PRV ST S S

=20 | 7]
[ | - N B | NN | NN | B
-20 -10 0 10 20
X, nd
(n) End insertivi hum - docking window (g.e.t. = 102:43:33).

Figure 12. - Continued.

20

10

-20

pu ‘A



20

Y, nd

-10

SE
X
\

R
\

78

W 844 H6| B7)
14 12 10
.24 -22 -22
= 982 n. mi.
M

;= 5338 fos Field of view = 100°

hM: 50 stat. mi.
Vi = 3640 mph

20

1-10

U S U N S VI S S S S S

X, nd

(0) Begin CS| burn - front window (g.e.t. = 103:33:46).

Figure 12 .- Continued.
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SEC 844 g6y 07

X 14 12 1C

Y =24 =22 =22

RM= 982 n. mi. hM = 50 stat. mi.
Vi = 5388 fps Vi = 3670 mph

Field ofview = 100°

{p) End CSI burn - front window (g.e.t. = 103:34:18).
Figure 12, - Continued.
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SEQ jse 205 207 215 221 222 230 231 233 237 239 245 248

X 2 11 16 =13 «i8 11 -8 3 =21 1] =20 e|% «)2
Y 1 4 s 3 4 6 6 7 5 7 5 ? ?
SEQ 248 252 256 265 z7c 271 28y 29¢ 3¢y 3c® 349 3se 62
X C =12 =16 =7 1} 7 C .~2¢ .=3 =2C ¢ =8 N
Y s 8 & 1C 1c 10 12 12 s 15 20 23 A2
RM= 982 n. mi. hM='50 stat. mi.
Vi: ?3'88'fps' S— Field of view= 100° Vi= 3670 mph
/ /-Pollux ]
Procyon : ,/—Castor 1
20 ’ v 1 20
Sirius ]
Betelgeuse ]
10 . \ o J 10
° .., Capella ]
Rigel—/
2 0 0
>
-10 -10
-20 =20

-20 -10 0 10 20

{q) End CSI burn - docking window {(g.e.t. = 103:34:18).

Figure 12.- Continued. '
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Y, nd

20

SEQ 751 75%
X - 21
Y ] 15
SEQ 797 @02
X -14% =13
\% 2 4
RM =981 n. mi.

Vi = 5391 fps

T T

Ty

757
-22

-8
803

16

759
-8

8136
-12
10

770
=1

841
“14
9

81

781
=18
-2

844
~10
12

789
-]

861
-13
14

790
-16

871
~15
14

—_ lr:i'el'd'o[ vig.w =100°

793
=11

1080
-3

798

1?7

hM = 49 stat. mi.
Vi = 3676 mph

Rasalhague\

™

(r) Begin CDH burn - front window (g.e.t. = 104:31:42).

Figure 12.- Continued.
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SEQ

SEQ

4 7 15
13 6 =20
16 15 3

84 990 1001

82

25 41 904 907 909 933 9s0
-11 14 16 14 j0 =20 24
1l 24 =16 =16 =17 =18 =)

1010 1028 1091 1044 J1046 1079

10 -] =17 =24 =]g =|} 15 9 0
2 Y -9 ~l0 -6 -1 9 7 20
RM=981 n. mi, hM~= 49 stat. mi,
= 1f V.= 3676 mph
Y 359. RS, Fieldof view=100° IR
I Venus\ 1
20 } : 120
[ /—Alpheratz )
[ Diphda\
[ / \ ]
10 [ . {1 10
! . ]
* ]
3
- 1
2 9 ]
Fomalhaut x . 0
- - Enif 1
> S --\\\ 4//- 1
[ ]
! . . 4
- .
-10 9 ‘e v// i{-10
[ -Altair ]
i /-Peacock \ . ]
-20 :-20
-10 0 10 20
X, nd

(s) Begin CDH bum - docking window (g.e.t. = 104:31:42).

Figure 12.- Continued.
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20 }

vvvvvvvvvvvvvvvv

SEQ 751 755 7s¢
X =10 18 =13
\% 9 20 8

SEQ 7¢7 802 803
X -20 =-18 i
Y ? 11 24

RM =981 n. mi.
Vi = 5390 fps

770 781
-6 =24
15 4
836 B41]
=17 =19
18 16

83

8¢
17
11

Buy
-l‘
20

790
-22

8é)
-l8

793
-17
1

87])
=20
21

Field of view = 100°

rrrrrrrrrrrrr

765
S
FL]

1080
-9
1
hM = 49 stat, mi.
Vi = 3675 mph

vvvvvvvvvvvvvv

120

1 10

1-10

(t) End of CDH burn - front window (g.e.t. = 104:31:45).

Figure 12. - Continued.
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SEQ 7 15 25 781 795 803 836 84l 844 841 871 904
X 6 =21 «j1 =]9 20 15 iy -b -} -2 -4 is
Y 24 10 20 =24 <23 =24 «22 <21 =21 =18 =|7 a3
SEQ 907 90? 933 950 984 990 1001 1010 1028 1041 10%% 10%s
X 14 10 =19 24 10 =} =17 =23 =18 =l} 16 ’
Y -7 =8 =)0 3 ] 2 =1 =3 7 17 16
: RM=981 n. mi, hM=49 stat, mi.
M ikt Fieldof view= 1002 V;= 3675 meh
Dlphda\
20 | ' ] 20
4
L. / \ ]
10 ¢} 110
[ Fomalhaut
- . ’ ] =
> . * 5 0 =
! )
-10 | /-Peaco'ck \/ ) }-10
E ]
1
[ /—Nunkl
20 | 1-20
b E
i © . " Rasalhague\ )
2 r
-20 -10 0 10 20
X, nd

{u) End of CDH burn - docking window (g,e,t,'= 104:31:45),

Figure 12.- Continued.
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85

RM= 981 n. mi. hM= 49 stat. mi.

Vi = 5391 fps Field of view = 100° Vi 3676 mph

pU "’ A

-20 -10 0 10 20
X, nd

(v) Begin TPI burn - front window (g.e.t. = 105:08:57).

Figure 12.- Continued.



Y, nd

20
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86

SEQ 1377 «44g 423 48c Sc7 815 535 840 S4S g1 Seé 69
7

21 10 6 4 23 6 24 -24 w1 ey 12
é .l‘ ..s -l L] -l 1 ' .'3 “ lS ‘. 1‘
SEQ 870 880 s82 589 893 §95 610 e24 451 108,
1 ae 8 -4 C *7 15 1y 22 |
Y 15 ¢ 18 24 22 24 18 20 1C []
R‘M = 981 n. mi. hM= 49 stat. mi.
Vi= 3676 mph

Vi = 5391 fps Eield of view = 100°

LA S Sun S A S B e R e S g T T T T T AN SENS S S S S e S Sa e S S S e 5 T

/ Jupiter
/-Denebola

Alphard-\ ) |
Regulus/

=20 -10 0 10 20
X, nd

(w) Begin TPl burn - docking window (g.e.t. = 105:08:57),

Figure 12 .- Continued,
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v

87

RM= 9809 n. mi. hM= 49 stat. mi.
Vi= 5413 fps

Field of view=100° v, = 3676 mph

(x) End TPI burn - front window (g.e.t. = 105:09:13).

Figure 12,- Continued.
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SEQ 377 440 473 480 507 515 535 5S40 545 551 566 $e9
X =21 {0 0 L] 23 7 é 24 =24 -7 =9 22
Y o]l «f -y -y -? 0 5 ) 10 18 18 21
SEQ 570 580 582 589 593 595 410 e24 651 108)
X } 20 8 ~I4 6 =7 18 17 22 !
Y 15 4 14 24 22 24 is 20 19 e
RM=9809 n. mi. hM=49 stat. mi.
e Fiedetvien=100n Vi 3eTOmN
[ : * Spica ]
f \ Arcturus\ \ ]
20 P . . - 1
[ Gienah ]
10 | J‘u . ]
L plter-\ ]
[ ’ ' ]
i Denebolg-\ . ]
ol x . ]

e e Y gy

Alphard-\ . .

P U Vi U i P U Y W G S W Sy

-10 0
X, nd

10 20

(y) End of TPI burn - docking window (g.e.t. = 105:09:13).

Figure 12.~ Concluded.
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TRANSEARTH INJECTION
BURN




SEQ 22 vl 4| 47 63 73 7% 80 108 111 11< 120 144 150 ibt 1Hé
X /3 =24 =12 =24 =4 al3 -y 8 6 =10 =11 =38 -2 -6 =10 2
Y g -7 2 -y o -3 -1 1 -4 -9 -¢ =11 =12 =13 =i4 =17

St 205 207 215 221 222 23g 231 233 237 23T 295 286 20 252 2h6

x -6 =il 14 16 =13 8 -3 23 12 2 s 13 no 1318

\ =20 -20 =18 =18 =21 =22 =23 =17 22 =19 =21 =22 =24 23 =22
Ry = 996 n. mi. hy, = 66 stat. mi.
Vi = 5349 fos Field of view = 100° Vi = 4758 mph

LIMIE SIe Sunn S et e Bk mts S Sun S Bas mme

pu ‘A

! . . /- Menkar

-10 ’

: /-Mirf'ak

Sun

i @{_ _~Aldebaran

: : /"Rigel . .

20 F . | —Bellatri B
. Capella ellatrix 4

] - /—-Elnath e ° . ]

IALIlllLJAA‘LIll‘;ll‘lll‘l“‘ll‘.‘A.ll)l‘ljll‘ll‘ll

-20 -10 0 10 20
X, nd

(a) Begin TEI bun {g.e.t. = 137:20:22.4).

-10

Alllllllll

Figure 13,- Transearth injection burn,
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SEC 3 73 75 8 ] 11 ' 44 459 157 186 5
x 1% a3 i 43 %@ 1) 14 u 3R 120 0§ aE 1% 203
Y 2 0 =4 -3 1 =4 -9 r10 =12 =12 14 -q4 ~37 a2p
$10 207 2985 221 222 23p 233 233 237 239 245 246 292 236
X -?.4 %2 14 -3 2 -é 21 10 19 13 11 11 16
Y 20 -18 =19 =22 =22 -23 =17 22 -49 =27 =22 =33 ‘.22
RM=995 n. mi. _ hM=67 stat, mi,
Vi =6978 fpS Field of view = 100° Vl =3647 mph

--------

v
[

T

ok . x -0

i . /-Menkar
-10 e J-10

/‘erfak- .

! Sun Ricel

| ©® , ige .

] \Aldebaran . / . 1
-20 1= Capella Bell 1720

b Y . B e at . 4

; N et S :

1 N | N I | l.

-20 -10 0 10 20
X, nd

(b) Middle of TEI bum (g.e.t. = 137:21:52.4).

Figure 13 .- Continued,
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SEQ W 22 31 41 47 63 73 75 80 168 11l 112 120 144
X 12 =23 =24 =12 =23 -4 =4 b 7 ¢ =lu =] =I5 -2
Y 9 o -3 1 -y U -4 -l 0 b 9 =ig ~12 =13

SEG  1ae 205 207 215 221 222 23y 231 233 2v7 239 248 46 282
X 2 -6 =]2 %] 16 =13 ] -3 23 12 22 is 13 13
Y o8 =2] =21 =19 =]9 =22 =23 =24 e}8 *33 ~l9 =22 .23 22

= . mi, h,, = .mi.
RM 998 n. mi M 68 stat. mi
Vi—8958fm o Field of view = 100° Vi—6108mph
20

10 f

-10

-20

Y

AlpheratzF\\‘

Clape.llla—\ . ¢ _ /- Bellatrix |

<

4

. . Sun )
(/:/Aldebaran
'  ,Rigel * ]
S Y

150
e}
-l

256
is
23

1 20

10

-10

(c) End of TEI burn (g.e.t. = 137:23:11.3).

Figure 13.- Concluded.
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TRANSEARTH COAST




v

95

/# POST TEI

FIIIIIIIITIIIIIT?
(F7II7IIIIIIIIIIIIY



RM= 1109 n, mi.'
V.= 8632 fps

F':ig|d of view = 1'0:’ ]

hm

= 198 stat, mi.

Vi = 5885 mph

vvivvvvv'I"'!-'vIv'

| Zum me Sue e Sag Snm e Sub ENEL SN

Ty

X, nd

(@) G.e.t. = 137:29:11.3.
Figure 14.- Post TEI.

L S S S m  UEn S st S 4

—r Ty ™t

PO S W Y




Y, nd

a7
RM= 1113 n, mi, hM=200 stat, mi.
V=822 Fieldofview=10c ____ Vi=5879mh

pu ‘A

X, nd

{b)G.e.t. = 137:29:18.5.

Figure 14 ,- Continued,
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RM= 1117 n. mi.

V = 8612 fps Field of view = 10°

hM = 205 stat, mi.

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Y, nd

X, nd

(c)G.e.t. = 137:29:25.7.

Figure 14 .- Continued.

Vi = 5872 mph

TP T T T T T
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Y, nd

99

RM= 1121 n, mi. hM=209 stat, mi.
e PSS ok 1.
[ <
a
+
¢

X, nd

{(d)G.e.t. = 137:29:32.9.

Figure 14.- Concluded.
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/: MOON VIEWS
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102
SEQ 551 566 570 582 593 59§
X =17 =2} L} 2] -2 «\|%
Y -6 1 =7 =6 9 1é
RM = 8528 n. mi. hM= 8724 stat. mi.
V;= 5462 fps Field of view = 40° v; = 3724 mph
BEREEEEEEEe s AEAaaasaRSEESERRS ————r
20 [ 4 20
10 g -1 10
= 4 ]
T oF 4o
> {
. /— Gienah ]
=10 -4-10
-20 | d-20
N e e ians b e et ae Lot e s L.
=20 -10 0 10 20
X, nd

(a) G.e.t. = 140 hours.

Figure 15.- Transearth coast-constant field of view (moon).
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(b) G.e.t.= 150 hours,

Figure 15,- Continued.

‘ 103
SEG 535 551 566 570 582 593
X 18 =47 =23 3 20 w4
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Field of view= 40°
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= 3640 mph

(c) G.e.t.= 160 hours.

Figure 15.,- Continued.
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Figure 15,- Continued.
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h. = 84 807 stat. mi.
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Figure 15.- Continued.
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‘ SEG 515 535 551 Sé6 S7p sAag
X 13 14 =16 -2p 5 24
Y ~e4 -11 15 23 1z 40

RE =22 296 n. mi.
Vi =14 318 fps
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hM = 25 658 stat, mi.
Vi = 9762 mph
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‘ Figure 15,- Concluded.
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Ry = 8528 n. mi. hy=8734 stat. mi. . Rg= 179 288 n. mi. he = 202 358 stat. ml.
vViZ 5462 fps Field of view = 20° vi= 3724 mph vi = 4876 fos Field of view = 4° vi = 3324 moh
.
g < <
> 2 2
X, nd X, nd
(a)G.e.t. = 140 hours.. (b)G.e.t. = 150 hours.
Rp = 149 473 n. mi. he = 168 046 stat. mi. Rg = 116 265 n. mi. ¢ = 129 832 stat. mi.
- 5338 f, - - -
v, ns Field of view = 4° V, = 3640 moh V;= 6097 fps Field of view = 2° V, = 4157 mph .
2 = X
> ES a
X, nd . X, nd
7,
()6.e.t.= 160 hours. @G.e.t. = 170 hours.

Figure 16.- Transearth coast variable field of view (moon),
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Field of view :Y4Oo Vi 342?}.\;.|.

202 358 stat. mi.

b— / —1 20
P ]
[ / "
— -1 10
L
//
/4 ~
- / - i
/ ~-1-10
. o
N //
TN - 10
/ il ]
\\\// ~. - 4
L i | L RS B A I L.
-20 10 0 10 20
X, nd
Y G.e.t. = 150 hours.
Fianra 17. 1-nsearth const-constant field of view (earth).
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sSEq 990 10w,

X 0 23
Y 14 2
RE= 149 473 n. mi. hE= 168 046 stat, mi,

V= 5338 fps Field of view = 40° V; = 3640 mph
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Figure 17.- Continued.

pu ‘A



R.=116 265 n, mi.

V.= 6097 fps Field of view = 40°

hE= 129 832 stat, mi.
Vi=4157 mph
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Figure 17.- Continued.
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Figure 17.- Continued,
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Figure 17.- Concluded.
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RM= 1922 n, mi.

hyy = 1132 stat, mi. Ry = 5296 0, mi, hp = 5014 stat. mi.
V, = 7266 fos Field of view=3° V; = 4954 mph V, = 5823 fps Field of view = 3° V; = 3970 mph

Y, nd

X, nd X, nd
() G.e.t. = 138 hours, 'G.e.t. =139 hours,

RM =8528 n, mi.
Vi = 5462 fps

hM=8734 stat, mi. RM=11 666 n, mi. hM= 12 346 stat, mi.
Field of view = 3° V, = 3724 mph . V= 5297 fps Field of view = 3° V, = 3612 mph

——————————————

X, nd X, nd

(c) G.e.t. = 140 hours. (d) G.e.t. = 141 hours.

Figure 18 .- Transearth coast - variable fieid of view (earth).
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Figure 18 .- Continued,
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Field of view = 3° V; = 3302 mph
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Figure 18 .- Continued,
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Field of view = 3°
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Vi=3348 mph

120
b
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X, nd
(m) G.e.t. = 150 hours.

Field of view = 3°

hE= 195 724 stat. mi.

RE =170 609 n. mi,
Vi= 3374 mph

Vi = 4990 fps

(n) G.e.t. = 151 hours,

Field of view = 3°

hE =192 370 stat, mi.
Vi = 3402 mph

(0 G.c.t. — 152 hours.

Figure 18 .- Continued

(p) G.e.t. = 153 hours,

pu

pu




Rg = 167 671 n. mi.
Vi= 5033 fps

Flald of view = 3°

hEl 188 989 swt. »i.
V, = 3432 mph

e
.E- 164707 n. mi.

Y.nd

|
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hE =185 536 stat. mi,
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X, nd
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Y, nd

X, nd
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4
i
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V; = 5174 fos Field of view = 3°
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Vi = 3528 mph
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Figure 18~ Continued.
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V] = 5226 fps
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- T |
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T <
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l

X, nd
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»
Vi = 5280 fps Field of view = 3° v.= 3600 mph

{G.e.t. = 158 hours.
RE= 149 473 n. mi.
V, = 5338 fps

Field of view = 3°

Vi = 3640 mph

(W G.e.t. =159 hours.
hg = 168 046 stat. mi.

Y, nd

X, nd

RE =146 332 n. mi. hE =164 433 stat. m1,
Vi= 5398 fps

Field of view = 3° vi = 3680 moh
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(x} G.e.t. = 161 hours.
Figure 18.- Continued,
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RE= 143 157 a. mi.

hE= 160 779 stat. mi. |
V‘. = 5460 fps

f‘RE =139 9440, mi.
Field of view = 3° Vi = 3723 mph

R hE=157 082 stat, mi.
> Vi = 5526 fps

Fisld of view = 3¢ V, = 3768 mph
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X, nd X, nd
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RE = 136 694 n. mi.
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Field of view = 4° Vi = 3865 mph
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‘ Figure 18.- Continued.
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Field of view = 4° V= 3916 mph
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hE = 141 832 stat. mi.
Vi = 3972 mph
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Rp =123 267 n. mi. hE=137 891 stat, mi.
Vi = 6001 fps
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X, nd
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Field of view = 4°

hE =133 892 stat. mi.
Vi = 4092 mph

(ee) G.e.t. = 168 hours.

Figure 18 .- Continued.
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FRe =112 681 n. mi.

hE= 125 709 stat. mi.

R. =116 265n. mi. = i E
E_ n. mi hE 129 832 stat, mi, V.= 6199 fps Field of view= 4%
V, = 6097 fps Field of view= 4> V= 4157 mph i
‘:\ | <
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E sat. mi V, = 6425 fps
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Vi = 5016 mph
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RE=77 128 n. mi. hE=84807 stat, mi.

Vi = 7571 fps Field of view = 6° Vi = 5162 mph

X, nd

(op) G.e.t, =179 hours .

RE= 72 695n. mi.
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hE =79 692 stat, mi.
V. = 5324 mph
i

%
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X, nd
(aq) G.e.t. = 180 hours.
‘ Figure 18 .~

(rr) G.e.t. = 181 hours.
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RE =68 112 n, mi.
V= 8078 fps

128

hE =74 420 stat, mi,
Vi = 5078 mph

RE=63 372 n. mi.

Field of view = 8° V= 8387 fps Field of view = 8°

hE = 68 964 stat. mi,
Vi = 5718 mph

RE =58 451 n, mi,
Vi = 8746 fps

X, nd
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i
RE= 53320 n. mi.
Vi= 9172 fps
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Field of view = 8° V= 5963 mph
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X, nd

(uw) G.e.t. =184 hours. (w) G.e.t. = 185 hours.

Figure 18.~- Continyed .
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RE= 47 938 n. mi.
V= 9689 fps

Field of view= 10°

he = 51 mi)

£ = 51204 stat. mi R =42 252 . mi. he = 44 661 stat. mi.
V.= 6606 mph E 10338 o g 7049 mph

v= s Fie of view= 130 Y= 7049 mn

<
: )
o
X, nd
(ww) G.e.t. = 186 hours. ) G.e.t. = 187 hours.
Re =36 182 n. mi. hg =37 674stmt.mi. R_=29603n.mi. he = 30103 stat. .
YTl e Field of view =13 Vi = 7631 meh Vi = 12399 fos Field of view = 20° V, =9762 mh
L3

B =< <
> -4 2

(yy) G.e.t. = 188 hours.

(z2) G.e.t. = 189 hours.
‘ Figure 18.- Continued.



RE =22296 n. mi.
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hE = 21 694 stat. mi.

Vi'= 14 318 fps
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Field of view = 20° Vi = 9762 mph
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(aaa) G.e.t. = 190 hours.

Figure 18.- Concluded.
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SEQ a6 2% 308 149 2354 2362 377 440 €73 «80 07 sae

Y, nd
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10

-10
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X 20 24 22 -3 10 - 23 12 0 =3 2] =23

Y 21 15 12 13 9 i =% =6 b Q 1

SEQ 515 538 540 580

X e =6 &22 =20

Y il =le -y -]

RE = 5426 n. mi. hE = 2283 stat, mi.

T v

v, = 29 175 fps,

Field of view = 100°

V.= 19 892 mph
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(a) 15 min prior to entry (g.e.t. = 191.:35.32.2).

Figure 19.- Entry phase.
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SEQ 290
X 24
Y 18

SEQ sS1
X 7
Y -22

‘R =5085 n. mi.
V; =30 141 fps

| e Sn s ma dhs Seae o
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356 362 377 440 473 48p 807 sSQ9 515 S35 §40

10 -1 23 12 1] -3 =21 =23 -6 5 =22
13 15 4 -1 -2 -2 3 4 =7 =12 0

5970 580 682 &1p 68}
-] =20 -9 =14 -24
=22 =10 =21 =23 =23

Vi =20 551 mph

T—iTr-r v

Field of view = 100°
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(b) 13 min prior to entry (g.e.t. = 191:39:32.2).

Figure 19.- Continued.
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SEQ 570 s#g

X 1 =l9

Y =17 ~s
RE= 4756 n. mi,

Vi=3l 168 fps
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13k
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518 535 540 545 551 6és
12 0 =] =2 =2} b . =% 22 24 y 9
2 2 2 7 -8 w2 -] 3 =21 =18 =2)
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Y 4] =15 .‘7 2)
.]‘ LY} -19 «20 .l’

hE = 1512 stat,
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Field of view = 100°

mi.
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0 10
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(c) 11 min prior to entry (g.e.t, = 191:39:32.2).

Figure 19.- Continued.
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X
Y
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X
Y
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0 =3 =21 -2y -g 8 22 23
7 L] 11 12 2 =l 7 )8
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=1l =33 =19 22 |4 «j6 =15
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7
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9
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i
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(d) 9 min prior to entry (g.e.t, = 191:41:32.2),

Figure 19.- Continued.
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SEQ w4y 473
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\j 13 14

SEQ- 98 42
3 -l9 -8
Y F 3 -5

RE= 4161 n. mi,
V-i =33 330 fps
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=) Py Yy
A4 16
589 53
12 0
.17 -|2
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818 SJ3S HY40 _Sa45 8851
-y -5 =23 22 7
'Y L3 l2 e =6

595 599

5 20
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-lq
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Field of view = 100°

sal Sée 569 870
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{e) 7 min prior to entry (g.e.t. = 191:43:32.,2),

Figure 19. - Continued.
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SEQ s1s 835 540 545 551 561 566 569 570 574 Sa0 58, 589 593 595
X  wE o a8 cwrdT2T & 23T g1y =] 2% =30 "-F 12 O ¥
Y 1S 10 17 =7 0 =10 =2 =9 1 -2 9 1 =10 =5 8

SEQ 599 410 617 631 624 641 643 645 651 4SS 460 473 688 490 790
X 19 =1% 22 10 =16 12 21 14 =21 =) 12 s 10 =23 a;8
Y ~l4 =l =17 =14 4 =18 =20 <9 =4 elé «20 =17 =23 .9 =7

RE =3910 n. mi. hE = 540 stat. mi,
Vi =34 384 fps V. =23 444 mph
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10 I~ - 10
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] b . J

T o0 x S —o

> [ 1
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(f) 5 min prior to entry (g.e.t. = 191:45:32.2),

Figure 19.- Continued.
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SEQ 5«5 551 561 =ceé 569 570 S74 580 582 589 593 595 5%

X 21 22 8 19 =1 23 =20 -8 12 ] s 1
Y 0 [ -y 5 -2 ’ -5 16 10 -2 2 o -
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x - 2) 9 =46 1 20 13 =2} - 1 .$ A
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SEQ 79% 8wl
X =22 -l®

Y a2l wdd v
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i x
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(g) 3 min prior to entry (g.e.t, = 191:47:32 .2),

Figure 19.- Continued.
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-3 9 1 LR 0 -? 3 - Lt 4 ?

«7 «l0 =1} -4 =12

753 757 7% 270 81 789 790 17193 795 397
-7 22 4 -5 15 Y 12 5 =21 8
“10 =13 =j4 «lB l7 =18 =i7 ~l® «l4 i@ =9

RE= 3557 n. mi.

802 8n3 836 a4l  sun
b =47 1 3 -}
16 *2) 223 2%

h. =132 stat, mi.

E
V, =36 055 fps Field of view = 100° V.= 24 583 mph
[
- - 20
[ Arcturus\ ° ]
' 210
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Figure 19.- Continued.
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Figure 19.- Concluded.
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